An infrared study that includes ground-based mid-infrared images between 8.7 and 18.7 µm and IRAC images at 3.6, 4.5, 5.8 and 8.0 µm of the W75 N massive star forming region is presented. The 12.5 µm image shows the presence of four mid-infrared sources in the region W75 N(B), three of which have bright near-infrared counterparts, IRS 1, IRS 2 and IRS 3, all with significant excess emission at λ > 2.0 µm. IRS 2 has a steep energy distribution and the computed infrared luminosity is consistent with the presence of a young B3 star. The observed IRAC colors of IRS 3 indicate that this source is a Class II intermediate mass young star, consistent with its infrared energy distribution and luminosity. The fourth, newly discovered, mid-infrared source appears coincident with the ultracompact HII region VLA 3, and is located within the millimeter core MM 1. We derived a luminosity of ∼750 L and a visual extinction A V 90 for this source. From the IRAC images, we detected 75 sources in an area of 120 × 120 centered in W75 N. At least 25 of these sources are associated with the molecular cloud and form a young stellar cluster as shown in the IRAC two-color and the H − K s versus K s − [3.6] diagrams.
Introduction
The massive star-forming region W75 N is located at a distance of 2 kpc and is, together with DR 21, part of the Cygnus X complex of dense molecular clouds. Haschick et al. (1981) detected at 6 cm an ultracompact HII (UC HII) region named W75 N(B), and two more extended HII regions, W75 N(A) and W75 N(C). Observations at 3.6 cm with 0.5 resolution by Hunter et al. (1994) show that W75 N(B) is resolved into three very small diameter (≤0.1 ) radio continuum sources: Ba, Bb and Bc. Two of these, Ba and Bb, were also detected at 1.3 cm (with a 0.1 resolution) by Torrelles et al. (1997) (who named these VLA 1 and VLA 3) along with another fainter and more compact HII region, VLA 2. These UC HII regions are in a protostellar phase, based on the presence of H 2 O and/or OH masers (Baart et al. 1986 , Hunter et al. 1994 , Torrelles et al. 1997 in its close vicinity. At radio wavelengths, VLA 1 has a structure elongated approximately in the direction of the observed high-velocity three pc-scale bipolar outflow located close to the center of the nearby W75 N(B) Based on observations collected at the Observatorio Astronómico Nacional, San Pedro Mártir, B.C, Mexico, and with IRAC on board of Spitzer Space Telescope.
The complete list of the source is only available in electronic form at http://www.edpsciences.org (Hunter et al. 1994; Shepherd et al. 2003) while VLA 2 shows a symmetric roundish shape. A detailed VLBI study of the water maser cluster morphology and kinematics in the vicinity of these two UC HII regions by Torrelles et al. (2003) showed remarkably different outflow ejection geometries among them. This is a surprising result given that both objects are separated by only 1400 AU and share the same environment. The physical parameters of the ionized gas in VLA 1, VLA 2, VLA 3, and Bc, as well as the more evolved W75 N(A) are all consistent with each being powered by a ZAMS star of spectral type between B0 and B2 (Shepherd et al. 2004 ).
Four compact millimeter cores were observed by Shepherd (2001) within a radius of 10 (MM 1-4). Three UC HII regions are located within the MM 1 core. Another extended millimeter core (MM 5) is located ∼30 to north of MM 1 and is coincident with the extended HII region W75 N(A). Multiple outflows have been identified originating from the cluster of UC HII regions and millimeter cores (Davis et al. 1998; Shepherd et al. 2003) .
Two reflection nebulosities are seen in the near-infrared: one associated with W75 N(A) and the other at the position of W75 N(B) (Moore et al. 1991b; Shepherd et al. 2003) . In addition, three bright sources (IRS1, IRS2 and IRS3) were detected with significant excess emission at 2.2 µm, consis- Fig. 1. 58 × 58 images at 9.7, 12.5 and 18.7 µm of W 75N centered around W75 N(B). For comparison, the 2MASS K s image of the region is also shown with the same scale. The center is at α = 20 h 38 m 37. s 2; δ = +42
• 37 37 (J2000). North is to the top and east to the left.
tent with the presence of circumstellar dust. IRS1, IRS2 as well as W75 N(A) were also detected at 10 and 20 µm (Moore et al. 1991a ). In particular, the near-infrared hydrogen recombination lines Brγ, Brα and Pfγ observed in in the direction of IRS2 indicate that this young massive star is undergoing significant mass loss (Moore et al. 1991b) . Except for MM 5, none other of the millimeter sources had a known infrared counterpart, until now, with the discovery of the mid-infrared source associated with MM 1 described in Sect. 3.4. All these observations show that W75 N is a very complex star forming region with a cluster of intermediate and highly massive stars with a spread in ages between the oldest and youngest stars of 0.1−5 × 10 6 yr (Shepherd et al. 2004 ). To investigate the nature of the young objects in W75 N, we obtained mid-infrared images between 8.7 and 18.7 µm. We compared the mid-infrared ground-based observations with the images of the region taken with the Infrared Array Camera (IRAC; Fazio et al. 2004 ) aboard the Spitzer Space Telescope (Werner et al. 2004) . W75 N was detected by as part of large scale observations of the complex massive star forming region DR 21 (Marston et al. 2004 ).
Observations

Ground-based mid-infrared images
Mid-infrared images between 8.7 and 18.7 µm of W 75N were taken during three observing runs on September 2000, November 2001 and September 2003 with the mid-infrared camera CID (Salas et al. 2003 ) on the 2.1 m telescope of the Observatorio Astronómico Nacional at San Pedro Mártir, Baja California, Mexico. This camera is equipped with a Rockwell 128× 128 pixel Si:As BIB detector array and delivers an effective scale of 0.55 /pix. The images were taken in the standard chop-nodding technique to remove the sky and telescope emission background.
The narrow-band images at 8.7, 9.7, 11.7 and 12.5 µm from September 2000 are centered at the position of IRS2 and cover an area of 58 × 58 . During the November 2001 and September 2003 runs, the images at 9.7, 12.5 and 18.7 µm were centered on the W75 N(B) in order to also include W75 N(A). The images at 18.7 µm were gathered during the September 2003 run. Figure 1 shows these images and the K s image from the Two Micron All Sky Survey (2MASS) for comparison.
The standard stars α Lyr, β Peg, γ Aql and µ Cep were observed at similar air-masses for flux calibration. These were also used to measure the point-spread function at each wavelength. The mean PSF ranged from ∼1.6−1.8 (FWHM) at shorter wavelengths, and ∼2.6 at 18.7 µm. These are slightly larger than the corresponding Airy disk sizes. The on-source integration times were 570 s at 8.7 µm, 720 s at 9.7 and 12.5 µm and 860 s at 18.7 µm. The derived detection limits, which depend on the sky quality of the night, are ∼0.4 Jy, 0.6 Jy 0.5 Jy and 5.0 Jy (1σ), respectively.
Five mid-infrared sources were detected at 12.5 µm. Four of these (IRS 1, IRS 2, IRS 3, and MM 1) are within the area of W75 N(B) (see Fig. 1 ), while the extended mid-infrared source to the NE corresponds to the HII region W75 N(A). Astrometry of our images were obtained from the 2MASS coordinates of the identified sources in the field.
The photometry of the mid-infrared sources was performed with the DAOPHOT package within IRAF (Stetson 1987) . We used an aperture of 3.3 for the point-like sources, and 6 for the diffuse source. The coordinates, the flux densities, the 1σ statistical errors, and the identifications of the mid-infrared sources, are given in Table 1 . 
Spitzer images
The images at 3.6, 4.5, 5.8 and 8.0 µm of W75 N presented here are sections of the original IRAC images of the star forming region DR21 observed during the science verification period of the Spitzer satellite. Preliminary results of the whole DR21 region were reported by Marston et al. (2004) . Figure 2 shows the IRAC images at the four wavelength bands corresponding to an area of 120 × 120 centered closed to W75 N(B). The IRAC images are dominated by diffuse emission at all wavelengths. The positions of the mid-infrared sources detected from the ground are indicated on the 3.6 µm image in Fig. 2 . Source IRS 2 is partially saturated at all wavelengths, while IRS 1 is slightly extended and is also partially saturated at 4.5, 5.8 and 8.0 µm. The newly detected midinfrared source associated with MM 1 appears point-like on our 11.7 and 12.5 µm images, and is seen well separated from Table 2 reports the observed IRAC flux densities of these two unsaturated sources. Source finding and photometry from the Spitzer satellite (pipeline version S10.0.1) released 2 × 2-magnified images of the region were performed using DAOPHOT package within IRAF. An aperture radius of 3 pixels (∼2 ) and a sky annulus extending from 3 to 7 pixels were used. We applied the corresponding aperture corrections and the zero magnitude fluxes from the Spitzer/IRAC User Manual, v. 5.0, (277.5 Jy, 179.5 Jy, 116.6 Jy and 63.1 Jy for channels 1, 2, 3 and 4, respectively) in order to convert fluxes into magnitudes. Seventy-five sources were found at 3.6 and 4.5 µm of which approximately 63% were also detected at 5.8, and 35% also at 8.0 µm. Using the 2MASS All-Sky catalog of point sources, we identified 49 objects detected in both surveys. The spatial coincidence of the IRAC and 2MASS sources was always within 1 . The complete list of these sources, including their positions and the IRAC and 2MASS photometry (from the Point Source Catalog) is reported in electronic form. We estimate a photometric accuracy of ∼0.25 mag in all filters for those sources surrounded by bright nebulosities, especially in the 5.8 and 8.0 µm bands, as discussed by Megeath et al. (2004) . We were able to obtain more accurate, corrected flux values for the bright, partially sources by fitting the IRAC PSF to the wings of the profiles. Figure 3 shows and RGB-coded image composed of the IRAC 1, 2 and 4 bands (3.6, 4.5 and 8 µm, respectively). The quite different IRAC colors of each of the main sources is evident, as will be discussed in the following sections. 
Discussion
IRAC and near-infrared color-color plots
In order to study the nature of the sources detected by IRAC, we analyzed the Table 3 . Jones et al. (2005) also reported these effects on the IRAC color-color diagram. The positions of the young stellar objects IRS 3 and MM 1 are also shown in the figure. The location MM 1 in the IRAC twocolor diagram identify this source as an extreme class I object, while IRS 3 is in the area of class II sources.
We analyzed also the H − K s versus K s − [3.6] diagram for the 32 sources detected in H, K s and 3.6 µm (Fig. 6, right  panel) . A significant fraction of the sources lie to the right of the reddening vector 1 at distances ∆(K s − [3.6]) at least three times the maximum individual photometric uncertainty (as measured while performing the PSF photometry with a minimum value of 0.1, which is the estimated calibration error). These very young sources, listed in Table 3 , exhibit significant near-infrared excesses, in most cases due to the presence of disks.
From the two color-color plots, the presence of a young stellar cluster composed by at least of 25 young stellar objects in W75 N is clearly inferred. This cluster includes several Koornneef (1983) and the dashed line indicates the reddening vector with a slope of 1.3 as determined from highly reddened field stars by Tapia (1981) . Tic marks are separated by A V = 10. In both panels, the crosses show the maximum photometric errors. class II and class I objects as determined from their near-and mid-infrared colors. A few knots of emission have IRAC colors that are reminiscent of HII regions, though they have not been detected in the radio continuum.
Individual sources
The 12.5 µm image is shown in Fig. 7 with the positions of the three UC HII regions detected in W75 N(B) (plus symbols), the five millimeter cores (open circles) are indicated. The mid-infrared sources IRS 2, IRS 1 and IRS 3 show significant 2 µm excesses. MM 1, detected only at 11.7 and 12.5 µm, is within the millimeter core, where some of the youngest objects of the cloud are located (Shepherd 2001) . Our peak position of Table 1 identifies this source with the UC HII region VLA 3 (Torrelles et al. 1997 ). We did not detect this source at 18.7 µm probably because of the lower sensitivity at this wavelength. Finally, the other millimeter cores (MM 2, MM 3 and MM 4) reported in the region were not detected in the mid-infrared, either by IRAC or in our ground-based survey (cf. Figs. 5 and 7), indicating that these objects are in the earliest stages of their life, still in the accretion phase. MIPS imaging of this region was severely saturated, preventing us from seeing any possible embedded IR core.
Mid-infrared sources IRS 1, IRS 2 and IRS 3
IRS 2 and IRS 3 were not resolved at any wavelength in the diffraction-limited mid-infrared images obtained from the ground with CID or from space with IRAC. In contrast, IRS 1 is resolved at all wavelengths, from 1.2 to 18.7 µm on the 2MASS, IRAC and CID images, with measured sizes (FWHM in arcsec, RA × Dec): 5 × 6 in 1.2 and 1.6 µm, 6 × 9 in 2.2 and 3.6 µm, 7 × 12 in 4.5, 5.8, 8.0 µm, and 4 × 5 in the longer wavelengths. All these indicate the presence in IRS 1 of a symmetric dust envelope of size of around 0.05 to 0.1 parsec that scatters radiation from the central young stellar object. Probably, shocked gas emission contributes to the more extended distribution of IRS 1 seen in IRAC band 2 (4.5 µm). The 2.12 µm H 2 knot of emission reported by Davis et al. (1998) and Shepherd et al. (2003) 10 west of IRS 1 is not conspicuously bright in any of the IRAC bands (cf. Fig. 5 ) as it may be masked by diffuse nebulosity. The almost identical morphology seen at 2.2, 3.6 and 4.5 µm of the ring-like extended structure is seen within 20 SE of IRS 1, confirming the reflection nature of this radiation.
Combining the flux densities shown of Tables 1 and 2 with the 2MASS JHK photometry, we obtained the spectral energy distribution (SED) of IRS 2, IRS 1 and IRS 3 illustrated in Fig. 8 . IRS 3 shows a flat spectrum, while IRS 2 and IRS 1 have the silicate feature in absorption at 9.7 µm. IRS 2 shows a steeper spectrum than IRS1. We derived their infrared luminosities by integrating the spectra of Fig. 8 and the 2.2 and 12.5 µm infrared spectral indices α IR = d log λF(λ) / d log λ. These parameters are reported in Table 4 .
MM 1
In W75 N(B) we have have detected for the first time a midinfrared source within the millimeter core MM 1, where some of the youngest sources of the cloud are located (Shepherd 2001) . The source was unresolved by CID and IRAC at all wavelengths. We derived a set of physical parameters for this object by analyzing its SED, which is shown in Fig. 9 ; this Table 5. source is the most luminous and masssive star in the W75N(B) complex. The SED was compiled from the SPM mid-infrared flux densities of Table 1 , the IRAC data of Table 2 and the 1.3, 2.7 and 3 mm flux densities reported by Shepherd (2001) , Shepherd et al. (2003) and Watson et al. (2002) . For the fit, we adopted a spherically symmetric dust envelope model (Ivezić & Elitzur 1997 ) developed by the model code (Ivezić et al. 1999) . We assumed standard optical properties for the dust grains (Draine & Lee 1984) , an early B-type central star of temperature T c = 15 000 K, a temperature of the inner radius T i = 1300 K close to the sublimation dust temperature and a dust density distribution of the type n(r) ∝ r −0.2 which provided the best fit. Table 5 reports the derived parameters, including the inner (r i ) and the outer radii (r o ) of the envelope and the dust temperature T d at the outer radii. The solid line in Fig. 9 reproduces the fitted model. The derived luminosity of ∼750 L is consistent with the presence of B3-B5 ZAMS star deeply embedded in the MM 1 core. Figure 5 shows (in green) the strong IRAC Band 2 (4.5 µm) nebulous emission in the close vicinity of MM 1. This is attributed to shocked lines (especially H 2 ) that dominates this IRAC band. The complex image structure shows that that the shock, if produced by an outflow, is not produced by a particularly simple bipolar, collimated flow but rather by a more complex (perhaps even multiple) shock structure as also suggested by the distribution of blue shifted and red shifted CO emission in that region (Shepherd et al. 2003) . Due to heavy extinction, the 2.12 µm H 2 morphology (Shepherd et al. 2003) is not identical to that seen by IRAC. There is no other similar shock activity in the W75 N region, a result that is consistent with the notion that the MM 1 protostar is considerably younger that the source in W75N(A). 
W75 N(A)
The extended radio source W75 N(A) is associated with the millimeter source MM 5 (cf. Fig. 7 ). Its mid-infrared morphology, illustrated in Fig. 4 which presents the 18.7 µm emission contours overlaid on a RGB-coded image at 3.6, 5.8 and 8 µm, is very similar to that seen at 6 cm (cf. Fig. 6 of Shepherd et al. 2004) . This clearly suggests a direct interaction between the ionized gas and the dust cloud. The 1-20 µm spectral energy distribution of the diffuse HII region W75 N(A) is reported in Fig. 10 . Our mid-infrared photometry obtained with an aperture of 6 is in agreement with the data taken from the MSX satellite. Integrating the SED, we obtained L(1−20 µm) = 1930 L or a total luminosity of around 4000 L . This value is consistent with the presence of a B0.5 star, as also estimated by Shepherd et al. (2004) based on the required UV flux. The star seen at the center of the HII region at all infrared wavelengths has JHK s colors that suggest that this early-B star is reddened by A V = 25 with no significant K-band excess emission, though at λ > 4 µm, warm dust emission close to the star is evident. Nevertheless, the stellar absolute K magnitude implied by the photometry is M K = −4.26, at least one magnitude brighter than that expected for the ZAMS B0-B1 star that is needed for the HII region as observed in radio-continuum, and also by the total luminosity derived above. The reason for this discrepancy lies probably in uncertain K photometry for this star in the 2MASS Point Source Catalog that gives a photometric quality flag "E" for this band, meaning a poor profile fit causing a low-quality measurement. One of the possibilities that might explain this is the presence of a cooler close companion that contributes significantly to the near-infrared flux but not to the UV flux. The extended emission, measured with a large aperture, at λ > 3 µm, however, is characteristic of dusty HII regions. Its overall characteristics presented here support previous claims that that this is the most highly evolved source of the complex, with an age between 1.2 and 5 million years (Shepherd et al. 2004 ).
Conclusions
We report ground-based mid-infrared images at 8,7, 9.7, 11.7, 12.5 and 18.7 µm of the high-mass star forming region W75 N(B). Combining these observations with IRAC images at 3.6, 4.5, 5.8 and 8.0 µm of the same region, the following conclusions we reached: 1) A young stellar cluster with at least 25 members in an area of 120 × 120 around W 75N(B) has been found by analyzing the 2) Four sources were detected at 12.5 µm. Three of these (see Fig. 1 and Table 1) were identified as the known young stellar objects IRS 2, IRS 1 and IRS 3. IRS 2 is partially saturated in all the four IRAC bands and IRS 1 show a diffuse emission, partially saturated at its peak in two IRAC images. From their respective spectral energy distributions, we obtained the infrared luminosities and spectral indices of these sources (Table 4) . IRS 1 and IRS 2 are probably early-B young stellar objects associated with dust envelopes, while IRS 3, with a flattened spectral energy distribution, is a Class II intermediatemass young object. This is confirmed by the location of this source in the IRAC two-color diagram of Fig. 6. 3) In the youngest region, W75 N(B), which is also characterized by the presence of several ultracompact HII regions, continuum millimeter peaks and H 2 O masers (Shepherd et al. 2004) , we have found a new mid-infrared source at the position of the millimeter core MM 1 and very close to the UC HII VLA 3. Mid-infrared images at higher spatial resolution are required to confirm this last identification. Physical parameters were derived for this source (Table 4) by fitting a spherically symmetric dust envelope to its SED. The derived bolometric luminosity of ∼750 L and the high value of A V = 90 suggest that this is a young B1-B3 star deeply embedded and one of the youngest objects observed in W75 N(B).
4) The HII region W 75N(A) located in the northern part of the cloud shows a mid-infrared morphology very similar to that observed in the radio continuum. This indicates that dust and gas are well mixed within this spherically shaped HII region. The near-infrared colors of its central star and the computed infrared luminosity of the source confirm that the HII region is ionized by a single B0.5 star reddened by A V 25. With an estimated age of 2 to 5 Myr, this is the oldest object in the region.
5) The present observations support previous results that this region harbors young stellar objects with a wide age spread, from millimeter sources with no mid-infrared and radio counterparts to an evolved quasi-spherical HII region. Thus, the molecular cloud in W75 N has been producing massive stars for the last several million years.
